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1.0  PROGRAM  DESIGN 


1.1  PHASE  I  OBJECTIVES 

The  Phase  I  soil  boring  program  was  designed  to  identify  contamination 
present  in  unsaturated  zone  soils  throughout  the  Rocky  Mountain  Arsenal 
(RMA).  Soil  borings  in  a  square  grid  pattern  gild,  broad  gas 


chromatography/mass  spectrometry  (GC/MS)  scans  jrere  the  primary 

£  Jr 

techniques  employed  in  this  effort,  which^flso^i^icluded  geophysical 
investigations  and  additional  chemical  ^?[lie  sampling  and 

analytical  programs  are  discussed  in  in  Set?fcLoflNfe2  •  0  and  3.0, 

respectively.  These  methods  were^^gfed  to  be  the  moN^cost  effective 
for  defining  the  nature,  level ,  ^sr^focation  of  contamination  over  a 
large  area  containing  multiplejfc^spley«BPtential  sources  and 

JcPhfise rL'  i 


uncontaminated  areas.  Results^af 
Phase  II  investigations  are  presenfe^d 


investigations  and  plans  for 
the  Source  Reports  which  follow. 


of  a  two-phase  approach  to  soil 
ej^aeaj^f  location  and  geometry  of  some 

The 


Several  factors  necessitate 

\  \ 

contamination  studies  at^MA, 

previously  reported'potentSal^sq^rce  areas  were  questionable 

.  T  \ .  -C 

possibility  existed  fhat  prev€od§ly  unreported  sources  were  present.. 
Where  documery^ty£otT\f  ilocatioi^^ls  good,  questions  existed  as  to  the 

f  §  L _  ^ 

linatston 

fj 


to 


junds  present.  Thus,  a  "screening" 
answer  these  questions  and  provide  the 
it  a  more  focused  and  cost  effective  Phase  II 
julaSfce  Resigned  and  carried  out. 


PHASE  II  OBJECTIVES 


les: 


ling  tfiej^hase  II  programs,  the  main  objective  was  to  provide  a 
^^alytical  scheme  capable  of  defining  the  vertical  and 


samplir . 

horizonta^q|ftent  of  contamination  at  specific  sources.  This  will 
require  quantitative  analyses  of  appropriate  compounds  within  and  beyond 

I 

the  contaminated  areas.  Geostatistical  techniques  can  then  be  used  to 
delineate  volumes  which  are  contaminated  above  a  specified  level.  The 
ultimate  goal  of  this  effort,  and  the  entire  Remedial  Investigation  (RI) 
process,  is  to  define  what  materials  require  remediation  and  characterize 
the  level  and  nature  of  contamination  in  those  materials.  . 
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The  Phase  II  programs  presented  in  the  various  source  reports  were 
designed  to  obtain  this  information  by  employing  a  modified  grid  sampling 
strategy  and  quantitative  analysis  of  the  chemicals  of  interest. at  each 
source.  Chemical  methods  will  include,  as  appropriate,  gas 
chromatography  (GC),  Atomic  Absorption  (AA) ,  and  Inductively  Coupied 
Argon  Plasma  (ICAP).  In  each  case,  the  sampling  locations  and  analytical 
scheme  were  based  on  source-  geometry  and  chera^cstifs  identified  in  Phase  I. 


1.3  RELATIONSHIP  TO  OTHER  TASKS 

The  soil  boring  and  sampling  program  d4sc#ibed  ntoefl^is  only  a  small 
part  of  the  overall  RI  effort  curren£4y  ongoing  at  Studies  of- 

contamination  in  ground  water,  "sugf^e  water,  air,  buildings,  and  biota 
are  being  conducted  under  other^^fk  orders.  An  endangerment  assessment 
and  studies  to  establish  act i®i  iSjyel^^Jor  cleanup  are  also  underway. 
Descriptions  of  task  objectives  technical  plans  for  the  various  tasks 


initiated  are  available  through  ProgSqm  Kfis®ager '  s  Office-Rocky  Mountain 
Arsenal  (PMO-RMA) .  Uljrfma^&frq^data  from^/ll  these  efforts  will  be 


integrated  to  form  a  co^r^e!hweexS#%nat  ion  of  the  sources  of  soil 
contamination,  migration  c*f  contaminants,  and  impacts  of  contamination  on 
RMA.  and  in  sur routing  areas\  \ 


The  effort^^le^:ribe@  Wfri.tJh.ase  Phase  I  reports  and  the  associated  Phase 
II  plans  the  nature  and  extent  of  contamination 

in  the  unsatdte^ted^soil  zone  above  the  water  table  within  RMA.  Questions 
relat:f<^~  to  p9<gnr^al  ground  water  impacts  and  biota  effects  can  only  be 
an^we^ed  by  d^s£derate£rc>n  of  pertinent  studies  from  other  tasks. 


\4\SE  OF  HI#TGftlICAL  INFORMATION 

Sb.  7  J  ~  !  . 

A  cotfi^det^b^%  Jfody  of  historical  information  on  contamination  at  RMA  was 
available\pr jsfr  to  the  design  of  Phase  I  soil  sampling  programs. 
Additional  significant  information  was  obtained  during  Phase  I 
investigations.  Historical  information  was  obtained  in  the  form  of 
previous  investigative  studies,  aerial  photographs,  and  depositions  of 
key  personnel.  The  specific  nature  and  use  of  such  information  is 
discussed  below.  In  all  cases,  this  information  was  employed  as  a  tool 
in  designing  cost-effective  studies.  Sufficient  sampling  was  conducted 
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to  support  or  refute  source  designations  and/or  boundaries.  These  were 
revised  as  appropriate  when  additional  information  became  available. 


RMA  personnel  have  performed  numerous  investigative  activities  over  the 
past  20  years  to  identify  locations  where  activities  may  have  resulted  in 
soil  contamination.  The  results  of  these  invejA^gations  are  summarized 
in  many  reports  and  data  are  tabulated  in  a  jeronsniterized  data  base.  One 

Jr  Jr 

of  the  more  comprehensive  reports  summarising  ■’M^ie  locations  and  estimated 
extent  of  soil  contamination  is  the  RMA^e^^^mi^^ion  Report  (RMACCPMT, 
1984).  In  the  process  of  investigatingN^ils  at  I&lA^gmprehens ive  maps 
were  prepared  that  summarize  the  .  Iq^ajKons ,  extent  ,^c!^^robable  use  of 
over  150  potential  contaminant  sgarres.  This  information  was  used  as  the 

.  ..  .  '  J.  f  . 

basis  for  the  initial  source  dggi^fhatii&as ,  source  boundaries,  and 
uncontaminated  areas  boundarie^^  i*ljies<#were  later  revised  as  appropriate 
using  additional  information. 


Historical  aerial  photographs f^OaKflates  as  early  as  1948  were  located 
and  reviewed  to  help  delapel^e:  srtii^^s^tions  of  RMA  exhibited  surficial 
disturbances  that  may-  have  ^resulted  from  the  disposal  of  hazardous 

materials.  Th esd-^a e?%a  1  photographs  are  available  at  intervals  not 

£  \  \  \ 

greater  thanjfiys  yelri  from  1948fto  present.  Photographic  examination 

f  /  §  jl-._  y  .  , 

reveal.3  thj^E  ^groun^scarsr^SffiPsm  visible  for  more  than  five  years. 


Ground  scar^.  ioa^fifTed  on  aerial  photographs  were  investigated  as 
potential  contany-nlhiig  sources.  .  If  disposal  activity  records  were  either 


sugsgeshiive  of  contaminant  disposal,  the  ground  scars 
trerej/sub  jectea\td|  a  Phase  I  soil  investigation.  The  aerial  photographs 


Qreis^also  used  fol confirm  the  location  and  configuration  of  known 
SOT^^^^^nd^jd  ^ffonfirm  areas  historically  free  of  disturbances. 

The  third^fit^^m  source  of  information  of  past  activities  was  depositions 
taken  from  key  RMA  and  Shell  personnel,  both  those  currently  employed  at 
RMA  and  those  that  work  elsewhere* or  have  retired.  These  interviews 
aided  in  determining  the  use  of  sites  identified  from  aerial  photographs 
and  RMA  records.  Interviews  in  some  cases  confirmed  the  disposal 
practices  that  occurred  at  specific  sites  while  in  other  cases  these 
interviews  provided  disposal  history  for  sites  where  no  documentation  was 
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available.  Valuable  information  was  obtained  from  RMA  and  Shell 
personnel  concerning  identification  of  chemical  spill  sites  in  the  South 
Plants  area. 
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2.0  SAMPLING  STRATEGY 


2.1  •  PHASE  I 

2.1.1  UN CONTAMINATED  AREAS 

Large  portions  of  RMA  have  never  been  utilized  for  the  manufacture, 

handling  or  disposal  of  hazardous  materials.  Tfeis  has  been  documented  by 

w 

several  methods  including  interpretation  of  gSrjal  photographs, 

A W 

examination  of  RMA  records,  and  interviews^wiei  RMA  and  Shell  personnel. 
The  results  of  these  activities  show..  tha#'  jfc^>nls^ocated  along  the  RMA 
perimeter  contain  few  potential  contam^^Cion  sou'Sj^sh^jid  that  most 
interior  sections  of  RMA  have  extens^bs  areas  where  no^otential  soruces 
have  been  identified'.  'These  portion  of  RMA  were  designated  as 
uncontaminated  for  the  current^e^dialtinvestigation. 


To  confirm  that  these  uncontaminat^  afegas  are. free  of  significant 
contamination  they  wer e  .jnves t igated^^^erNgMA  Phase  I  programs.  If 
contaminants  were  dete^ed^^i^^Ma&a^  in  question  was  either  included 
within  the  boundary  of  aft.^xi.s^^ig^&Q^rge  or  designated  as  an  additional 
source  and  subject  to  an  apgroprJrate  Phase  I  or  Phase  II  investigation. 

,  v< 

J  4 


Spacing  of  borings  Ja  uncontamfinseted  areas  was  not  intended  to  identify 

£  /  Jf  L.  V  . 

small  contaSigant  s_jrurces~U'lrt«n to  confirm  or  refute  the  historical 

C  ./ 


informatiofh^hos^Tg^hes'e  axSas  were  not  subjected  to  disposal 
activities.  Bbs^ehfH#  spacings  .for  each  section  (1  square  mile)  were 
Ffc,  ?§L0  ft,  or  500  ft  based  on  best  professional 


self 


and 


c%s%  effectiveness .  Spacing  of  1,000  ft  was  used  in 

/  .  1  1 

neontaminated  jarjjas  of  sections  that  contain  very  few  potential 

x  #  I 

anf4oant  sources  of  limited  aerial  extent.  Borehole  spacing  of  750  ft 
was',se%gct!y^!‘tfff  sections  which  contain  moderate  proportions  or  number  of 
potentialNs^taminant  sources.  Borehole  spacing  of  500  ft  were  used  in 
uncontaminated  portions  of  sections  that  have  a  h-igh  proportion  of 
contaminant  sources  such  as  Section  36. 


All  boreholes  in  uncontaminated  areas  were  drilled  to  5  ft  and  samples 
were  collected  from  depths  of  0  to  1  and  4  to  5  ft.  All  RMA  disposal 
activities  involved  disturbance  of  soils  shallower  than  10  ft.  A  single 
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sample  of  near  surface  soil  (0  to  1  ft)  would  provide  sufficient 
confirmation  for  contaminants  such  as  the  organochlorine  pesticides  or 
trace  metals  in  the  upper  foot  of  soil.  An  additional  sample  was 
collected  in  each  borehole  from  a  depth  of  4  to  5  ft  to  ensure  that  more 
mobile  contaminants  leached  from  near  surface  soils  were  detected.  An 


additional  reason  for  collecting  4  to  5  ft  samples  is  that  trench 

disposal  may  have  resulted  in  the  presence  of  contaminants  at  depths  of 

jf  JF 

2  to  7  ft  but-  the  trench  could  have  been  cq#erigd  with  clean  overburden 
material.  It  should  be  emphasized  that  jis£?i%ctivities  were  observed 
in  aerial  photographs  or  RMA  records  fo^^ticont^a^^feed  areas.  If  such 


activities  were  observed,  the  un  contains  ted  area  desaggation  would  be 

.  .■•■//  ■- 

changed  and  the  areas  would  be  investigated  as  a  potential  source. 


The  two  samples  from  each  borajfolSkj Ln/ui^ontaminated  areas  were 


composited  to  provide  the  most  ccSgt  effective  approach  to  confirming  the 

lack  of  contamination  in  the  large  poiifiOTfes  of  RMA  where  no  disposal 

'St  ^ 

activities  had  previously  otewaed .  Samp%g%  were  composited  only  from 
within  a  single  borehole\ ^^**4®^cti^rof  contaminants  could  thus  be 
traced  to  a  specific  loca^ortUt^^a  Phase  I  source  program  initiated.  As 

•  \.-f 

only  two  samples  composites,  minimal  dilution  of  potential 


contaminants  w$u Ld*^%avd  occurred \  If  contaminants  were  present  in  one 


/  /  If  \f 

horizon  an<^fo^  in  tae  aa£har  a^worst  case  situation  may  develop.  Under 
such  'condifibft^,  as s;gnihg—  oa&fs amp  1  e  is  completely  free  of  contamination, 
a  maximum  conkamm^nt  dilution  of  50  percent  would  result.  For  example, 
the  0  CtJ*  r*rr?^s ampeLe  may  contain  40  mg/kg  of  Dieldrin  and  the  4  to  5  ft 


the  contain  40  mg/kg  of  Dieldrin  and  the  4  to  5  ft 

sam^^^iwneT^rH^  compssTite  sample  would  then  contain  a  concentration 
J?e|ar  20  mg/kg. ^l\eref ore,  sample  compositing  procedure  does  not  induce 
sHgn^N^c^nt  samplj  dilution.  It  does  artificially  increase  the  effective 
dete^^LorP^^^t^y  a  factor  of  two.  If  the  analytical  detection  limit 
for  Diel^^^^ 0.3  mg/kg  the  case  described  above  would  have  an 
effective  detection  limits  of  0.6  mg/kg  for  each  sample. 


2.1.2  SOURCE  AREAS 

An  empirical  curve  was  developed  for  estimating  the  total  number  of 
Phase  I  and  Phase  II  samples  that  could  not  be  logistically  and  cost 
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effectively  obtained  in  the  soils  investigations.  This  curve  was 
primarily  used  to  obtain  the  number  of  Phase  I  boreholes  at  any  source. 

A  secondary  purpose  of  this  curve  was  to  obtain  an  estimated  number  of 
Phase  II  boreholes  for  budgetary  and  labor  estimates.  The  Phase  II 
program  for  each  source  is  designed  based  on  Phase  I  data  and  in  general 
did  not  strictly  adhere  to  estimates  from  the  empirical  curve. 


#  J?  . 

The  empirical  curve  was  developed  based  o^^Eh^best  professional  judgment 

of  two  teams  of  consultants.  An  e s t ima t e? q#%£h€^l e ve 1  of  effort  required 

-  //\\ 

for  the  soils  investigation  at  over  40<ar^ividull^co',ft£sminant  sources  was 

assembled  and  compiled.  These  estimates  were  based p«  Jfie  method  of 

•  //  •  ^ 
contaminant  disposal'  and  the  estigat^u  area  of  each  source.  Soil 

investigation  programs  for  thesj^y^ contaminant  sources  were  combined 

into  the  empirical  curve.  Ph^^i'^S^an^j^iase  II  programs  for  each  source 

were  modified  to  conform  to  the'^'SmgirEcal  curve. 


To  provide  uniformity  |nd  c 


and  allow  interpretations 


data,  regular  sampling  int^rv^f^ ^ere  established.  .  In  cores  where  visual 
evidence  of  conta»i«&tion  waa  c^served  or  high  concentrations  of  volatile 
organics  (OVA^r^tSf^)  %ere  det^cgad  in  soil  intervals  other  than  the 
regular  samALag  in^r^lA^gddiftional  samples  were  added  to  the  sample 

Jr 

train  at  «  e “^s cg€ tyon^Tf «  ■ft.hje  site  geologist. 


imyse  sampling  of  subsurface  soils 
ourmg*5of  contaminant  concentration 


im^es elation  no  samples  were  scheduled  beneath  the  water 
^tegy^^s  established  to  prevent  possible  cross 
:opftamination  ground  water  by  contaminants  in  overlying  soils.  Soils 
the  watfetf  table  may  show  degraded  soil  quality  as  a  result  of 
grou^i^w^^r/transport  that  is  not  representative  of  overlying  soil 
column  c^tvtri^utions .  This • evaluation  of  contamination  in  saturated 
soils  is  not  an  objective  of  the  soil  investigations  (Tasks  1,  6,  14)  but 
will  be  addressed  in  ground  water* related  tasks  (4,  25). 


The  exception  to  the  rule  of  not  sampling  beneath  the  water  table  in 
Phase  I  investigations  was  for  soil  borings  in  trench  disposal  areas. 
Fluctuations  in  ground  water  table  elevation  may  have  resulted  in  higher 
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water  tables  at  locations  where  previous  trench  disposal  occurred.  In 
these  cases,  soil  sampling  proceeded  past  the  water  table  to  the  maximum 
depth  of  trenching  or  disposal  activities  as  determined  by  the  site 
geologist  based  on  visual  inspections  of  the  soil  core. 


2.2  PHASE  II 
- 

The  grid  patterns  and  boring  densities  for  PhAs^II  investigations  have 

J  £  ■ 

been  designed  based  on  Phase  I  results.  Tly?  jgimber  and  placement  of 
borings  and  samples  for  Phase  II  present^^jP^^tfest. source  reports  were 
selected  specifically  to  augment  Phase4L#rata  as^echisary  to  meet  Phase 


II  objectives.  The  depth  and  distrij^yrion  of  samplrhg^n  Phase  II  • 
investigations  will  depend  on  the ^s^Cssment  of  Phase  I  data.  In  some 


instances  where  contamination  ijrWesent  in  significant  concentrations 
immediately  above  the  ^water  t^le^pr^Th#  water  table  appears  to  have 
risen  since  contaminant  disposaf^soiKsamples  will  be  collected  beneath 
the  water  table  contact. 


In  several  instances,  sdurd^T^r&signatlftfFes  and/or  boundaries  for  Phase  II 

\  \  /  £?***«/ 

were  changed.  Where  Phase^I^ata^indicate  previously  designated 
boundaries  are  JLngaj^ect,  t^^  boundaries  were  altered  to  properly  reflect 

the  area  impa^fe*3!?^ a\given  spurge.  This  includes  dropping  and/or 

.  .  .  M  /  if .  .  ,  ... 

combining  smae/souroas a4ac^Phase?  II  investigations,  where  this  is 

jus t if  ied -ejfy  jjSjasj^^^iTa ta*?-' ■  iXjfe  intent  of  this  process  is  to  properly 

designate  are'bfi^wh^ch  exhibit  a  correlation  in  the  nature  of 

con t ararha ci a nds^a r^vr  e  1  a t e d  to  a  particular  disposal  practice  or 


ij^SQ^e.  It  w<ni%d  bestir easonable  to  maintain  boundaries  based  on 
fCsjEorical  infofju^tion  considering  recently  acquired  scientific  evidence 


th^contrar^.  ^ 
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3.0  ANALYTICAL  STRATEGY 


3.1  •' PHASE  I 

Detailed  descriptions  of  analytical  methods  for  Phase  I  chemical  analyses 
have  been  distributed  to  all  interested  parties.  The  analytical 
parameters  and  detection  limits  of  these  methodj  are  presented  in 


Table  3.1-1.  Modified  U.S .•  Environmental  ProJegfion  Agency  (EPA)  gas 
chromatography/mass  spectrometry  (GC/MS)  Mesfihgfls  624  and  625  were  used 
for  analysis  of  organic  compounds.  An  IGp"  ^N^^auh^screen  was  used  for 


base  metals  (Pb,  Cd,  Zn,  Cu,  Cr).  Sep^jbpFe  metl^l^  used  for  As,  Hg, 
and  DBCP.  The  separate  DBCP  method  Jfas  dropped  lateffete^yp the  soils  • 
program,  after  it  was  determined  tJJa^DBCP  was  amenable  to  inclusion  in 


the  GC/MS  methods..  In  general,  ^aljf  five  methods  were  used  for  Phase  I 

f  jf'  ,/N. 

samples.  The  exception  to  th^s  tsfieJVQA  analyses.  In  sources  where 
the  history  indicated  no  disposalNgf  volatiles,  only  10  percent  of  the 


samples  selected  from  deep'  intervals  i^re^ub jected  to  VOA  analysis.  In 
addition,  VOA's  were  nc£t  ruf^^aa^the  0  to’Wft  interval  samples,  on  the. 
assumption  that  no  V0A'1kwwTa>b@  foun<!F5r  Also,  VOA's  were  not  run  in 
uncontaminated  areas  becau^e^i^e ^compositing  procedure  rendered  the 
analysis  inaccuraAflw^  \  \ 


In  areas  whe^e^/chemica  t 
s  cr  eeh  ing  -fforCgus  ts^tr^’a 


eehing  ^or^us  gar 

‘  V  / 

pled  for  che.se  «o 


sampled 


fextaenf s  vfprp.  expected,  RMA  laboratory  performed 
r^aSttKSJL.^gents .  The  procedure  employed  and  areas 
onstit'uents  are  described  in  the  source  reports. 


Retailed  descriptions  of  chemical  methods  for  Phase  II  organic  analyses 

documedfe^l  under  a  separate  cover.  In  general,  they  consist  of 

quanNtf^Hyeo^iAiethods  (EPA  601,  602,  608,  etc.)  which  cover  the  same 
jf  _  . 

suite  or^nabftes  studied  in  Phase  I  as  well  as  any  additional  analytes 

recommended  for  inclusion.  Methods  for  metals.  As,  Hg,  and  DBCP  will 

remain  the  same.  The  target  detection  limit  for  organic  analyses 

established  prior  to  certification  was  0.05  ppm.  Certified  detection 

limits  will  be  included  in  the  detailed  methods. 
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Table  3.1-1.  Phase  I  Analtyical  Parameters  and  Reporting  Limits 


Analytes 


Reporting  Limits^-  (pg/g) _ 

ESE  MRI  UBTL  CAL 

A 


Volatile  Organics 

Chloroform  (CHCI3) 

1 .1- Dichloroethane  (1,1-DCA) 
Methylene  chioride  (CH2CI2) 

1.2- Dichloroethane  (1,2-DCA) 

1.1. 1- Trichloroethane  (1  ,'l  ,1-TCA) 

1.1 .2- Trichloroethane  (1 , 1 ,2-TCA) 
Carbon  Tetrachloride  (CCI4) 
Tetrachloroethylene  (PCE) 
Trichloroethylene  (TCE) 

Trans-1 ,2-Dichloroethylene  (D C>yf 
Benzene 
Toluene 
Ethylbenzene 
Chlorobenzene 
MIBK 

Diraethyldisulf ide  \ 
Bicycloheptadiene  (BCHD^ 
Dibromochloropropane  (DBCR)  \ 

m-Xylene  _  \  j 

o-  and/ or  p-Xyle 

Semi-Volatile  Orfanfcs  1 

V  / 


■SXi?fchlorocycl<3|>d|itadiene  (HCCPD) 
,4^0xathiane  f  | 
i,thrfeige 

MaSishS 

ParatIHanS/  J 

ChlordanelS*  J? 

Supona 

Diisopropylmethylphosphonate  (DIMP) 
Dimethylmethylphosphonate  (DMMP)  » 
Atrazine 


0.3 

2 

2 

0.6 

0.4 

0.4 

0.3 

0.3 

0.5 

2 

0.3 

0.3 

0.4 

1 

0.7 


0.3 

0.9 

0.7 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 


0.1 

4 

20 

0.8 

p.3 

0.8 

0.4  . 

0.3 

0.3 

0.9  • 

2 

4 

0.3 

0.3 

0.8 

0.7 

0.5 

0.5 

5 

3 

0.9 

0.5 

0.3 

0.3 

0.7 

4 

0.5 

0.3 

0.3 

0.6 

0.4 

0.3 

0.3 

0.6 

0.3 

0.3 

0.4 

2 

0.5 

0.6 

0.3 

0.5 

0.6 

0.3 

1 

1 

0.6 

0.3 

0.3 

0.5 

0.3 

6 

0.3 

2 

0.4 

7 

0.6 

2 

0.7 

0.3 

0.7 

2 

0.9 

0.4 

1 

6 

2 

0.6 

0.5 

0.9 

0.6 

0.3 

0.5 

•  3 

1 

0.3 

2 

3 

— 

— 

0.7 

0.5 

0.3 

0.3 
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Table  3.1-1.  Phase  I  Analtyical  Parameters  and  Reporting  Limits 


Analytes 


Reporting  Limits* (ug/g) 

ESE  MRI  UBTL  CAL 


Semi-Volatile  Organics 

Dicyclopentadiene  (DCPD) 

Vapona 

Chlorophenyl .'methyl  sulfide  (PCPMS) 
Chlorophenyl  methyl  sulfoxide 
( PCPMS 02) 

Chlorophenyl  methyl  sulfone 
(PCPMSO) 

Dibromochloropropane  (DBCP) 


ICP  Metal  Screen 
Chromium 
Zinc 
Cadmium 
Copper 
Lead 
Arsenic 
Mercury 


1 

3 

0.9 

0.3: 

0.3 

0.005 


6.5 

8.7 
0.7 

4.7 
8.4 

3.6 
0.05 


0.4 

0.3 

4 

0.6.- 

7 

0.014 


5.2 

9.5 

0.7 

4.9 

13 

5.0 

0.06 


\ 


1  Detection  levels  vary  among^the^ifaur  laboratories  currently 

conducting  chemip€P?,*ena lyses \  \ 

2  Agent  screening cyamdgiched  onl^aSt  Rocky  Mountain  Arsenal  Laboratory. 

Report  Limit j^(jtrt/g)la4e:  GB,  and  HD,  2.1. 

Source:  •  Taskfl  ^echycaJHUaiL.,  JB§E ,  1984. 


^Cgchnfca^ 

sjN// 
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During  the  Phase  II  investigation,  only  selected  methods  will  be  run  on 
each  sample.  This  will  be  determined  based  on  Phase  I  data.  Methods 
will.be  chosen  as  appropriate  to  quantify  the  extent  of  contamination  for 
analytes  encountered  in  Phase  I.  Analytes  scheduled  for  each  sample  are 
presented  in  the  individual  source  reports. 


In  areas  where  Phase  I  samples  required  dilul^feyto  facilitate  analysis, 
the  possibility  exists  that  this  dilution  nu^yjffave  "masked"  the  presence 
of  some  compounds  by  raising  the  effective  dete^ion  level. •  These 
situations  are  being  examined  on  an  in^jfvjRlual  S^siS^with  consideration 
given  to  data  from  surrounding  areas^  An  expanded  fhsyLtj^-of  Phase  II 


analyses  and/or  additional  GC/MS  q^ra^yses  will  be  used  to  insure  that 
significant  analytes  are  detecte^/This  same  philosophy  is  applied  where 
the  presence  of  agents  precluded ^con^ragior  analysis  of  Phase  I  samples. 

X  /  ■ 


The  Phase  II  investigation  also  contl^ns^pguvisions  for  GC/MS 
confirmation  of  GC  f in^^g^^a^recisely’^entify  the  compounds  being 
reported.  Approximate^^l^pe^^nt,!*^&<^»e  positive  GC  findings  will  be 
confirmed  on  GC/MS.  ThesWw’fcf  b^sleT^cted  based  on  source,  sample 
location,  and  GC  results .  t\raa^e  sure  confirmation  is  available  in  all 

.  >rvX  \  \ 

sources  for  si^iiJweatft  analyses  \ 

Various  padrtSks  have  eJf  inclusion  of  additional  chemical  analysis 

methods  '  in^tfee^P^^"  II  program.  These  include  various  breakdown 
produq#S"TJ'f  **e^raOal  agents ,  arid  organic  arsenic  compounds.  This 
qua-stion  is""^^^  cooperation  by  PMO-RMA. 


// 
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4.0  INDICATOR  LEVELS 


To  determine  the  relative  significance  of  soil  quality  data  front 
suspected  source  areas,  an  evaluation  of  background  soil  quality  was 
performed.  The  objective  of  this  evaluation  was  to  establish  baseline 
soil  quality  for  RMA.  The  assessment  of  natural  or  background  ranges  of 

concentrations  for  potential  RMA  contaminants^  ^'imarily  metals,  is 

Jf  J? 

essential  to  -the  evaluation  of  Phase  I  soil#da£a.  With  baseline 

.  # 

conditions  established,  the  impact  on  so^f  #t|ilrfevthat  has  resulted  from 


disposal  and  manufacturing  practices  c®[>e  ass<?&se 


The  first  method  used  in  this  evalnaj'ion  was  a  literature  search  to 
determine  natural,  ranges  of  pot^t^l  contaminants  in  soils,  specifically 


those  of  the  western  United  SgitlS.  ^h# second  method  utilized  to 

Jf 

establish  baseline  conditions  was^the chemical  analysis  of  a  bulk  soil 


sample  that  was  collected,  and  homoge^^^Hto  serve  as  a  soils  matrix  for 
the  project  laboratories?‘,^,,,Mwk^|i2ai  metff^jf  was  the  tabulation  and 


evaluation  of  soil  qualftyMa 

\  \ 


smtaminated  areas  of  RMA. 


yv/ 

it  Soh.Csoi 


At  the  time  of  thia«£valuat fph,\soil  quality  data  was  available  for  24  of 

\  % 

the  27  sections ^f€*RMA|  This \sfipblishraent  of  baseline  soil  conditions 
wa3  primarily  iflrectsd^t^g^tural  variations  for  metals  including 


arsenic, 


drri^m^^^^STism<j«*,c^pper ,  mercury 


,  lead,  and  zinc. 


^ ^  V  > 

A  Jfifcerature  T^v^ew  vif  performed  to  determine  natural  ranges  and  average 
^aj^s  for  met£|Ls|  concentrations  in  uncontaminated  soil.  References 
^^mfeaed  includfeirf  Kabata-Pendias  and  Pendias,  1984;  Shacklette  and 
Boerng,^^ibl9§^;^nd  Wedepohl,  1970.  Values  obtained  from  the  first  two 
referenclN.  ag^presented  in -Table  4.1-1.  Mean  concentrations  are 
reported  in  addition  to  concentration  ranges.  Many  of  these  ranges  for 
metal  concentrations  show  significant  variability.  Due  to  the  variety  of 
soil  series  at  RMA,  some  variability  in  trace  metal  concentrations  is  to 
be  expected,  although  variability  is  expected  to  be  significantly  less 
than  reported  for  all  soils  from  the  western  United  States. 
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Two  metals  of  primary  concern  at  RMA  are  mercury  and  arsenic.  Wedepohl 
(1970)  reports  that  30  percent  of  all  soils  typically  contain  less  than 
5  ppdi  As,  50  percent  contain  5  to  10  ppm,  and  approximately  20  percent 
contain  As  concentrations  in  excess  of  10  ppm.  Average  soils  contain  As 
at  concentrations  between  5  and  10  ppm.  Wedepohl  (1970)  reports  that 
average  Hg  concentrations  in  soils  may  range  from  150  to  400  ppb  with 


several  documented  studies  reporting  averages/ip^'the  400  ppb  range. 

£  £ 

Sandstones  contain  lower  concentrations  of  J 


values  reported  by  Wedepohl  (1970)  for  sj^Jiji 
for  shales  and  claystones  with  a  range^jj^O. 


to  100  ppb).  Cadmium 
rocks  average  0.8  ppm 
im. 


Table  4.1-2  contains  ranges  of  mefcalJhoncentrations  in  both  soils  and 

//, 

shales  in  pg/g  or  mg/kg.  Upon^^jmpar ison  of  these  ranges  it  is  apparent 

that  concentrations  of  these  iEufiyne^iljr  are  higher  in  shale  than  in 

/ 

soils.  This  is  largely  a  result  mineralogic  variability  in  different 


of  metals  from  rock  during 


sediment  types  and  the  subsequent  lee 
soit  formation. 

4.2  BULK  SOIL 

Early  in  the  Pha%©«*i^rogram^  afbulk  soil  sample  was  collected  just  off 
the  northeastjCorfRI^of  RMA  it?^a^  area  exhibiting  As calon-Vona  sandy  loam 
and  Ascalon  jsajHdy  lo&m^soiisassbciations .  This  bulk  sample  was  dried 

J?  ~ 

and  homogenized  ana  JnerR^e-ejEsged  as  the  substrate  for  laboratory  spikes 

■ 

and  as  the  br&qlc  u^jed  in  laboratory  QC  procedures.  The  resulting 

T  of  arsenic,  cadmium,  lead,  and  mercury  are  below 

_ , _ v  limits  of  4.7,  0.9,  17,  and  0.05  ppm, 

/  /  ;  \\ 

^Selectively.  tin?  general,  organic  contaminants  have  been  undetectable  in 

L  #  jf  | 

tfees^soil  sampfles ,  with  the  exception  of  occasional  detectable  low 
conc®3l^^6^opf^^f  laboratory  solvents.  These  values  represent  repeated 
•analysis  ^single,  homogenized  sample.  They  do  not  represent 
variability  expected  in  multiple  samples  from  various  RMA  locations. 


Chemical  analysis  of  this  standard  soil  yielded  detectable  concentration 
of  chromium,  copper,  and  zinc.  The  results  of  these  repeated  analyses 
are  tabulated  in  Table  4.2-1. 
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Table  4.1-2.  Comparison  of  Median  Background  Trace  Metal 
*  Concentrations  in  Soils  and  Shales  from  Selected 

Regions  of  the  United  States. 
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Range  of  Median  Concentrations  (ppm) 
Soil  Shale 
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4.3  SOIL  QUALITY  IN  UNCONTAMINATED  AREAS 

The  contamination  assessment  for  soils  at  RMA  includes  the  sampling  and 
analysis  of  near  surface  soils  from  portions  of  RMA  that  are  considered 
uncontaminated.  The  primary  objective  of  this  activity  is  to  ensure, 
with  a  reasonable  degree  of  certainity,  that  these  areas  are  in  fact 
uncontaminated.  However,  these  data  can  also  be  used  in  conjunction  with 
literature  derived  values  to  estimate  backgrq.Bhd#soil  composition. 


Sampling  and  analysis  of  soils  from  24  oj/ tJle^T^ections  has  been 
completed  and  these  data  are  available^^  ev^^^i^^^All  soil,  samples 
from  these  uncontaminated  borings  w^s^ collected  in  "hheJEield  as  0  to 
1  ft,  and  4  to  5  ft  core  sections.?  These  two  sampling  intervals  were 

£  M 

composited  in  the.  laboratory  pridoi^to  analysis.  Therefore,  the  results 
yield  an  integrated  cohcentra^on^foi^tb® .  upper  5  ft  of  soil.  If  extreme 

V  J? 

distributions  of  metals  exist  within  ^je  0  to  5  ft  horizon,  the  values 
obtained  from  these  studies  may  not  agreeN^ith  values  obtained  for 
specific  soil  depths. 


\y>  . 

The  results  of  these  studres^c  ^contaminated  areas  are  presented  in 
Table  4.3-1  througW4-3-7.  /^prtf^ntration  ranges  for  each  metal  are 
reported  for  as  w^ll^as  mean  and  median  values.  When 

•  ^  I  , 

calculatin^&etfh  vaWie^»«4aasgM;tfrations  measured  below  detection  limits 


were  excldfleiffe. 


_  to~'§!'iMjduh£.e  ch.e  variability  of  metal  concentrations  between  soil 
fi&f,  a  defhiFed  assessment  of  soil  quality  data  from  uncontaminated 
portions  of  Secfcilm  36  was  performed.  Samples  were  grouped  according  to 

.II 

ji^S^ries  as^faetermined  from  the  Adams  County  Soil  Survey  (Sampson  and 
BarbW,  P^4X  /The  range  of  concentrations  encountered  for  each  soil 

type  ar^pressmted  in  Table  -4.3-8.  In  general,  the  finer  textured  soils 

^  .  ... 

have  higher  metals  concentrations.  Samples  containing  organic 

contaminants  and  isolated  samples » exhibiting  elevated  concentrations  of 

inorganic  analytes  were  omitted  from  this  evaluation,  as  indicated. 

Cadmium  concentrations  were  below  the  analytical  detection  limit  in  all 

Section  36  uncontaminated  area  samples.  The  range  of  concentrations  in 

each  soil  type  appear  similar  for  each  target  element,  although  the 

numbers  of  valid  samples  in  each  category  are  generally  not  sufficient 


0 
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COMPOUND:  ARSENIC 
ESE  D.  L.  4.7  ug/g 

MRI  D.L.  5.  £  ug/g 

UBTL  D.L.  3.6  ug/g 

CAL  D.L.  5.0  ug/g 


SECTION  #  SAMPLES 


c 


[ 

0 


c 


TOTAL 


II 

II 

II 

II 

II 

II 

II 

II 

II 

"il~ 

£ 

68 

5 

£7 

6 

43 

7  • 

£7 

a 

£7 

9 

£4 

11 

£7 

12 

26 

IS 

£4 

£0 

£5 

cc 

12 

£3 

25 

£4 

25 

25 

4S 

££ 

36 

£7 

25 

£8 

.  s 

£9 

£4 

30 

36 

31 

33 

32 

£7 

34 

25 

35 

44 

36 

58 

798 

#  >  D.L.  RANGE  _ MEDIAN _ MEAN _ SI5l_EE¥:L5II°- 


1 

£.7 

— 

— 

" 

0 

— 

— 

— 

— 

5 

£.  5-3.  3 

£.  9 

£.9 

0.  £9 

7 

2-  5-3-  5 

3.  0 

£.9 

0.  39 

0 

— 

— 

— 

— ..*• 

0 

— 

— 

— 

— 

•  \  .-  0- 

— ■- 

— 

— ' 

0 

— 

— 

— 

— 

0 

— ■ 

— 

— 

— 

0 

— 

— 

— 

— 

0 

— 

— 

— 

— 

0 

— 

— 

— 

— 

0 

— 

— . 

— 

— 

0 

— 

— 

— 

— 

~  '8 

5. 8-50 

7.  6 

17 

19 

6 

er  O—Q  T 
«J  •  La  -7  ■  W 

5.  6 

6.  5 

1.7 

1 

12 

— 

— 

— 

0  , 

— 

— 

— 

— 

10  : 

'  5.  9-7.  6 

6.  6 

6.  6 

0.  49 

£ 

5. 8-£l 

— 

— 

— 

7 

3.  0-3.  9 

vj  ■  kj 

3.  4 

0.  37 

6 

3.  £-4.  9 

4.  1 

3.2 

0.  66 

0 

— 

— 

— 

— 

5.  4—12 

5.  4 

7.  6 

3.  3 

£4 

4.  7- IS 

5.  9 

6.  6 

£.  95 

80 

£.  5-50 

5.  6 

6.  8 

7.  £ 

'/.  DETECTABLE= 

10% 

RECOMMENDED  INDICATOR  LIMITS 

ESE=10-15 

SHELL=4.  7-10 

CDH=4.  7 
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Table  4.3-2.  COMPOUND:-  CADMIUM 

ESE  D.L.  0.9.  ug/g 


MR  I  D.L. 
UBTL  D.L. 
CAL  D.  L. 


Ci.  5  ug/g 
0.7  ug/g 
0.  7  ug/g 


SECTION 


#  SAMPLES 


#  >  D.L. 


.  RANGE 


MEDIAN 


MEAN 


STD.  DEVIATION 


0.  93 


1.0-4.  5 
0.  77 
1.0-1.  1 


"TOTAL 


0.  66-7.  3 


*/.  DETECTABLE= 


RECOMMENDED  INDICATOR  LEVELS 

ESE=cI-5 

SHELL=0. 3 

CDH=0. 5 


I CP  METALS  NOT  ON  THE  DATABASE  YET 


4-8 


COMPOUND:.  CHROMIUM 
ESE  D.  L  7.2  ug/g 

MRI  D.  L.  7.4  ug/q 

UBTL  D.L.  £.5  ug/q 

CAL  D.L.  5.2  ug/g 


SECTION 

#  SAMPLES 

#  >  D.L. 

RANGE 

MEDIAN 

MEAN 

STD.  DEVIATION 

1 

52 

6. 4-24 

3.  7 

11 

3.  6 

«•*» 

ill 

68 

23 

8.2-20 

10 

11 

£•  5 

5 

27 

20 

3. 2-28 

12 

14 

4.  2 

£ 

43 

32 

6.  3-22 

13 

13 

4.  7 

7 

27 

22 

3. 7-24 

14 

15 

•  vJ 

8 

27 

/ £3 

8.  1-16 

10 

11 

2.  1 

3 

24 

•23 

8.3-18 

12 

12 

2.  7 

11 

27 

15 

a.  i-i5 

11 

12 

2.  6 

12 

26 

21 

a. 1-17 

l2 

12 

2.  4 

13 

24 

17 

10-23 

14 

14 

3.8 

20 

25 

24 

3. 7-23 

17 

16 

u)  •  «J 

22 

12 

12 

10-13 

13 

14 

.2.2 

23 

25 

23 

_ 12-21 

16  . 

16 

2.8 

24 

25 

_  25 

3-21 

17 

17 

3.2 

25 

43 

46 

' 11-21 

16 

16 

£.  5 

26 

36 

32 

3-23 

'  12 

14 

4.  0 

27 

25 

18 

8. 6-15 

11 

11 

i.  a 

23 

'  3 

5  - 

11-15 

13 

13 

1.  6 

23 

24 

24  ' 

12-27 

17 

17 

u 

30 

36 

31 

10-30 

15 

15 

4 

31 

33 

* 

* 

#• 

*• 

* 

32 

27 

16 

3. 6-55 

21 

22 

3.  8 

34 

£5 

10 

3. 0-16 

12 

12 

2.  2 

35 

44 

30 

7-17 

11 

11 

2.  7 

36 

58 

43 

7-17 

10 

11 

2.  4 

TOTAL 

738 

580 

6. 4-55 

13 

14 

4.  4 

•/-  DETECTABLE=  73’/. 


RECOMMENDED  INDICATOR  LEVELS 

ESE=30-50 

SHELL= 15-25 

CDH=15-17 


*  I  CP  METALS  NOT  ON  THE  DATABASE  YET 


4-9 


•t  ll  •* 


Table4.3-4. 


COMPOUND:  COPPER 
ESE  D. L.  4. Q  ug/g 

MRI  D.L.  4.  9  ug/a 

UBTL  D.L.  4.7  ug/g 

CAL  D.L.  4.E  ug/g 


SECTION  #  SAMPLES 

&  >  D.L. 

RANGE 

MEDIAN 

MEAN 

STD.  DEVIATION 

j 

52 

28 

.5. 8-17 

8.  2 

9.2 

2.  5 

2 

68 

26 

.  5.  8-24 

7.  2 

8.  6 

3.7 

5 

27 

17 

6.  5-19 

8.  7 

9.7 

3.  0 

6 

43 

34 

6.  0-69 

9.  1 

12 

11 

7 

27 

17 

6.  3-17 

11 

11 

>  & 

8 

27 

.16 

6.  0-13 

8.  1 

8.  8 

2.2 

9 

24 

'  '  22- 

5.9-17 

8.  7 

9.  6 

3.  3 

11 

27 

£5 

6.  2-12 

7.  7 

8.  1 

1.6 

12 

26 

ii 

6.  1-9.  0 

7.  7 

7.5 

1.  1 

19 

24 

uC 

6. 3-28 

14 

14 

.  5.  0 

20 

£5 

£5 

6. 5-20 

15 

15 

3.  1 

22 

12 

12 

18-23 

21 

21 

2.9 

23 

25 

25 

.5-20 

11 

12 

4.0 

24- 

£5 

£5 

11-22 

16 

16 

2.9 

£5 

49 

49 

11-53 

16 

16 

5.9 

26 

36 

36 

6-21 

10 

12 

4.2 

27 

£5 

Ocr, 

i—tJ 

6.2-32 

16 

17 

5.  1 

28 

•  9 

a  , 

9-24 

16 

15 

4.7 

29 

•  24 

24  ■ 

-  9.0-19 

14 

14 

2.  3 

30 

36 

31. 

7. 3-46 

12 

14 

7.  3 

31 

33 

* 

*■ 

* 

#• 

* 

32 

27 

15 

9. 9-40 

14 

15 

7.2 

34 

£5 

£5 

9-20 

13 

14 

3.  1 

35 

44 

44 

5—£5 

7.  0 

8.  9 

4.  4 

36 

58 

58 

5-18 

8.  5 

9.  0 

2.7 

TOTAL 

798 

620 

5-46 

11 

12 

5.  7 

'/.  DETECTABLE=  78% 


RECOMMENDED  INDICATOR  LEVELS 
ESE=£0— 50 
SHELL= 15-25 
CDH= 15-20 


*  I CP  METALS  NOT  ON  THE  DATABASE  YET 


1  *  4-10 


Table , 4 . 3-5 . 


COMPOUND r  MERCURY 
ESE  D.  L.  0.05  ug/q 

MRI  D. L.  0. 07  ug/q 

UBTL  D.  L.  0.05  ug/g 

CAL  D.  L.  0.06  ug/'g 


SECTION  #  SAMPLES 


u 


C 


1 

2 

5 

6 
7 

a 

g 

11 

12 

19 

20 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

34 

35 

36 


TOTAL 


63 

27 

43 
27 
27 
24 
27 
26 

24 
i=!5 
12 

25 
25 
49 
36 
25 

9 

24 
36 
33 
27 

25 

44 

_sa 

’7ia 


#  >  d.l. 
_2 
1 
0 
0 
0 
0 

•  0 
0 
•0 
0 
0 
1 
0 
'  0 
o 

i— 

1 

0 

0 

t 

0 

0 

2 

0 

0 

0 

_ _ 18_ 

27 


RANGE 
0706-0. 19 
0.  06 


MEDIAN 


MEAN 


STD. 


0.091 


0s 076-0. 45 

0.  1  1 


0.087-0. 16 


0.  05-1. 2 

-0705-1.2 

%  DETECTABLE= 


0.  08 
0.  087 


0l22 

0.  20 


3  'A 


RECOMMENDED  INDICATOR  LEVELS 
ESE=0. 1-0. 2 
SHELL=0. 05-0. 1 
CDH=0. 5 


4-11 


DEVIATION 


0. 

©7 


cn  ii  ud 
OJ  II  CJ 


.Table  4.3-6.  COMPOUND:  LEAD 

ESE  D.L.  17  ug/g 

MR  I  D.  L.  16  ug/g 

UBTL  D.L.  8.  4  ug/g 

CAL  D.L.  12.7  ug/g 


SECTION 

# 

SAMPLES  #  > 

ll 

II 

I!  » 
ii  _j 

1!  • 

II  Q 

II 

RANGE 

median  ^ 

MEAN 

STD.  DEVIATION 

1 

52 

£9 

11-44 

15 

18 

6.  7 

2 

68 

£8 

1  1-23 

15 

15 

3.  0 

5 

£7 

5 

1£-16 

12 

13 

1.7 

6 

43 

6 

12-17 

14 

14 

£.  1 

7 

27 

10 

11-16 

13 

13 

1.8. 

a 

27 

7 

11-17 

15 

14 

•-» 

CL.  C, 

9 

£4  < 

:■  9 

10-16 

12 

12 

l.  a. 

n 

£7 

10 

11-14 

12  / 

12 

0.  97 

12 

£6 

7 

13-120 

18 

41 

40 

19 

£4 

1 

£9 

— 

— 

— 

£0 

25 

3 

£0— £5 

£1 

cc 

£.6 

22 

12 

■*» 

.19-27 

£1 

2£ 

3.8 

23 

25 

5 

2£-£7 

£2 

£3 

£.1 

£4 

25 

4 

.21  -24 

£3 

£3 

1.4 

25 

49 

....  ul 

£2-37 

£7  • 

£9 

7.6 

26 

36 

10 

18-£5 

£0 

£1 

ll.  iJ 

£7 

25 

0 

— 

— 

— 

— 

28 

9 

0 

— 

— 

— 

— 

29 

£4 

0 

— 

— 

— 

— 

30 

36 

0 

.  — 

— 

— 

— 

31 

33 

* 

* 

* 

*• 

*■ 

32 

£7 

7 

13-20 

14 

15 

£.7 

34 

25 

c. 

£2-24 

— 

— 

— 

35 

44 

10 

17-41 

£0 

£1 

7.  £ 

36 

58 

31 

17-30 

£0 

££ 

U»  vJ 

TOTAL 

798 

190 

10-120 

17 

19 

10 

%  DETECTABLE3  £4'/. 
% 


RECOMMENDED  INDICATOR  LEVELS 
ESE=30— 75 
SHELL=£0— 30 
CDH=£0 


*  ICP  METALS  NOT  ON  THE  DATABASE  YET 


Table  4. 


COMPOUND : 
ESE  D.  L. 
MRI  D.L. 
UBTL  D.L. 
CAL  D.L. 


ZINC 

16  u  g / g 
£8  ug/a 

8.  7  i.ig7g 

9.  5  ug/'q 


SECTION 

#  SAMPLES 

ll 

H  * 

n  _j 

ii  * 

II  Q 

II 

11  «**S. 

II 

II  # 

II 

II 

II 

RANGE 

“mIdian 

ll 

II  z 
ll  ex 

II  Ul 

II  z 
ii 
ll 
ll 

STD.  DEVIATION 

1 

5£ 

52 

1£— 85 

3£ 

35 

16 

£ 

68 

67 

14-70 

30 

■j  .■*, 

oC 

11 

5 

£7 

££ 

16—63 

39 

39 

1  £ 

6 

43 

39 

15-76 

36 

39 

16 

7 

£7 

£4 

11-66 

40 

40 

13-- 

a 

£7 

£6 

17-51 

34 

34 

8.  1 

9 

£4 

'  '  24- 

£6— 6£  1 

38- 

39 

10 

n 

£7 

£7 

17-46 

27 

£9 

7.5 

1  £ 

£6 

£5 

£1-48 

33 

7.  1 

19 

£4 

17 

36-71 

46 

48 

9.  7 

£0 

£5 

£3 

35-7£ 

55 

53 

9.  1 

££ 

1£ 

1£ 

33-58 

44 

44 

6.  £ 

£3 

£5 

£4 

35-66 

56 

55 

9.0 

£4 

25 

££ 

37-9£ 

43 

52 

12 

£5 

49 

'49 

34—100 

53 

54 

11 

£6 

36 

£6 

£8-65 

41 

43 

9.  5 

£7 

25 

16 

33-66 

33 

41 

8.  8 

£8 

9 

5 

41-53 

44 

45 

4.7 

£$ 

£4 

£4  v 

40-73 

55 

56 

7.  6 

30 

36 

31 

33-31 

51 

53 

11 

31 

33 

*■ 

#■ 

* 

** 

* 

3£ 

£7 

16 

31-180 

70 

75 

31 

34 

£5 

10 

33-57 

43 

44 

7.  5 

35 

44 

43 

££-5£ 

30 

3£ 

3.  1 

36 

53 

58 

£8— £30 

40 

40 

3£ 

i  TOTAL 

798 

63£ 

11 -£80 

41 

4£ 

18 

•/-  DETECTABLE= 


RECOMMENDED  INDICATOR  LEVELS 
ESE=  80-100 
SHELL=  60-30 
CDH=  50 


TCP  METALS  NOT  ON  THE  DATA  BASE  YET 


05/22/86 


Table  4.3-8.  Evaluation  of  Metals  Concentration  by  Soil  Series  in  Section  36 
Uncontaminated  Borings  (Units  in  pg/g  or  ppm) 


Parameter 


Soil  Concentration  Number  of  Determinations  .  . 

Description  Minimum  Maximum  Above  Detection  Limit  Garments 


AsB  -  Ascalon  sandy  loam 


TuD  -  Truckton  sandy  loam 

Gr  -  Gravelly  land-Shale  outcrop 


275  @  3041 


10  @  3041 


0.18  @  3001 
1.15  @  3012 


Samples  exhibiting  organic  contaminants  (3042,  3049,  and  3053)  have  been  omitted. 
Isolated  samples  exhibiting  elevated  concentrations  have  been  noted. 


Source:  ESE,  1985. 


/,_i  /. 
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for  rigorous  statistical  evaluation.  Section  36  maximum  uncontaminated 
area  soil  concentrations  also  appear  similar  to  the  mean  United  States 
soils  concentrations  reported  in  the  literature  for  the  six  inorganic 
target  compounds  reviewed. 


This  evaluation  of  environmental  background  conditions  for  metals  is 

valid  only  for  soils,  not  for  weathered  or  cotfscS'rdated  bedrock 

£  £ 

materials.  Shales,  such  as  those  commonly  ^engSuntered  at  the  alluvium 

bedrock  contact  in  Section  36,  are  often jengicfvadin  trace  elements. 

Naturally  occurring  trace  elements  are^pp^eren^i^riij^adsorbed  to  clay 

minerals  during  the  formation  of  shades ,  leading  to’^esTlitive  trace  . 

element  enrichment  in  these  sedimeSt^  This  effect  is  illustrated  in 

//  . 

Table  4.1-2,  where  median  conceirfr^ions  of  four  metals  in  both  soils  and 

//  a*.  .... 

shales  from  groups  of  samplesj^olQ.ec^ed^houghtout  the  United  States  are 

£.  ... 

tabulated.  Ranges  of  median  confegntraftions  are  consistently  higher  m 

. 

shales  as  compared  to  soils. 

This  hypothesis  is  veri^^P^^  data  from  boreholes  that 

encounter  the  Denver  Formkhi^^^^r^e^mple ,  Source  36-12,  originally 
thought  to  be  a  landfill  lo^t^ri,  was  found  to  be  uncontaminated  after 
evaluation  of  iSdata.  llor^holes  in  this  source  area  encountered 

/  /7l  |  \/ 

the  Denver  E&r.-.iitiona?  aLshallow^henth  and  due  to  the  consolidated  nature 
of  this  besfraqk,  pp/pi-rafp  deeper  than  18  ft.  Ranges  of  some 


metals  concerfetratimis  measured  in  these  less  weathered  samples  were 
sign i£ic ifflt'i^h igbLe r^han  concentrations  measured  in  the  shallow 
b o>e hsiCe s "co^hs t %i c techym  uncontaminated  areas.  Concentrations  of  copper, 


^fean,  and  zinc|Wf|re  consistent  between  boreholes  with  depth  and  range 
s*{yomJ.8  to  47  jfpnf,  17  to  60  ppm,  and  30  to  101  ppm,  respectively. 

Therefo ifet.  elevated  concentrations  encountered  in  RMA  studies  are 
proba^^^^^^^result  of  disposal  activities,  but  may  fall  within  the 
range  of  natural  variability  for  different  geologic  media.  Similar 
trends  of  increased  and  consistent^  metals  concentrations  with  depth  have 
been  observed  in  several  other  portions  of  RMA.  Elevated  metals 
concentrations  in  areas  of  bedrock  highs  will  be  evaluated  with  respect 
to  the  lithology  encountered  during  drilling. 
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4.4  SELECTION  OF  INDICATOR  LEVELS 

The  term  indicator  level  as  used  in  this  report  refers  to  a  concentration 
range  for  each  potential  contaminant  above  which  that  contaminant 
approaches  levels  beyond  natural  variability.  These  indicator  ranges  are 
not  to  be  considered  action  levels  for  remediation,  as  they  are  not  based 
on  toxicity.  The  decision  to  include  a  specific  contaminant  in  a  Phase 


II  program  was  not  made  solely  on  the  exceedapcefof  indicator  levels  but 
also  upon  consideration  of  site  conditions ^C^e  history,  hydrology,  as 
well  as  variability  and  frequency  of  det^^^^^H^ncentrations .  Values 
below  the  established  range  were  not  r^^pnend^^for^^^se  II 
examination.  Values  within  the  rangs^were  assess'ed^^^^' case  by  case 
basis.  Values  above- the  ranges'  were  generally .referred  to  Phase  II 

unless  some  explanation  such  as^e^logic  strata  was  found. 


For  organic  compounds,  these  incft^ito^levels  are  the  detection  limit  for 
a  given  method.  The  detection  limirS^s^^^ected  for  organic  compounds 
because  they  are  not  naftur^Ms<^gccurring"^mipounds  and  therefore  any 
detectable  concentrations  either  of  disposal  practices, 

agricultural  practices  (eW^^C®^"contrbl) ,  or  dispersion  from  source 

^S^ift  of  the  analytical  parameters  and 
s  fc^  Ijshe  Phase  I  studies  is  presented  in 
Table  3.1-1,  ^ 


areas  (e-.g.,  wind 
associated  detect?? 


For  inorganic 
rang 
u 

f 

(Sectio 

iaI?fca£ion  of  <^atia  from  uncontaminated  areas  of  RMA  (Section  4.3) 
yd  jndj^ator  levels  are  tabulated  below: 


ts  such  as  the  metals  the  selection  of  an  indicator 
Indicator  range  were  selected  for  the  metals 
_  o  T  ncentration  ranges  obtained  from  the  literature 
io^^l),  analysis  of  the  bulk  soil  (Section  4.2),  and  the 


Indicator  Level  ug/g  or  ppm 


As 

4.7-10 

Cd 

% 

1-2 

Cr 

25-40 

Cu 

20-35 

Hg 

o 

• 

o 

Ul 

1 

o 

• 

h-» 

Pb 

25-40 

Zn 

60-80 
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Detectable  levels  of  arsenic  were  encountered  in  80  of  the  798 
uncontaminated  area  samples  from  the  sections  tabulated.  Of  these  80,  a 
disproportionately  large  number  (24)  were  in  Section  36.  Over. 90  percent 
of  the  detected  As  values  were  under  10  ppm.  Literature  indicated  As 
concentrations  in  western  soils  average  5.5  ppm.  Arsenic  was  generally 
below  detection  in  the  bulk.  soil.  An  indicatoi^range  of  4.7  to  10  ppm 
was  established  for  use  in  considering  Phase  Ml JEnvestigat ions . 


enferations  m  western 


Cadmium  was  detected  in  only  12  of  the-^8j^^orf%|n^nated  area  samples. 
The  literature  did  not  provide  informa^u^f  on  co^etf^^ions  in  western 
United  States  soils.  Cadmium  was  g^^rally  below  de^ecjaon  in  the  bulk 
soil.-  An  indicator  range  of  1  'to  J[ jfpm  was  established  for  use  in 
considering  Phase  II  investigating. 


Detectable  levels  of  chromium  weBo,  encountered  in  580  of  the  798 
uncontaminated  area  samples.  Levels",!d^tefeited  ranged  from  7  to  55  ppm 
with  the  distribution  gkewe^wj^jghtly  to^6)fe  lower  end  of  the  range. 
Literature  values  indic^e^Cr*%bnmcent?§teLons  in  western  United  States 
soils .  average  41  ppm.  Chmgmjai  ^eraged  14  ppm  in  the  bulk  soil.  An 
indicator  range  o£*25  to  AoSy?15^*33  established  for  use  in  considering 
Phase  II  inveiCgSWkma  •  \  \ 


Measureab^  clacceir^'EibTr^'  mf/copper  were  encountered  in  620  of  the  798 

•  _  /'  ■ 

uncontammated^redf  samples .  Concentrations  ranged  from  5  to  53  ppm  with 


the  djj^tnbuT^ipn  skewed  toward  the  lower  end  of  the  range.  Approximately 
60/^^ent  of^K^  decidable  values  were  under  10  ppm.  Literature  values 
^ld&cate  Cu  coif:elit  rat  ions  in  western  United  States  soils  average  21  ppm. 
cSqppthS^averaget#  W  ppm  in  the  bulk  soil.  An  indicator  range  of  20  to 
35  ppm/wa^ es^a^ished  for  use  in  considering  Phase  II  investigations. 
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Mercury  was  detected  in  27  of  the  798  uncontaminated  area  samples.  Of 
these,  a  disproportionately  large  number  (18)  were  in  Section  36.  Over 
60  p.ercent  of  the  detected  Hg  values  were  under  0.1  ppm.  Literature 
values  indicate  Hg  concentrations  in  western;United  States  soils  average 
0.46  ppm.  Mercury  was  generally  below  detection  in  the  bulk  soil.  An 
indicator  range  of  0.05  to  0.1  ppm  was  established  for  use  in  considering 
Phase  II  investigations. 


Detectable  levels  of  lead  were  encounter^ 
uncontaminated  area  samples.  Concentre 
with  the  distribution  skewed  such  t 


of  the  798 

11  to  120  ppm 
cted  Pb  values 


was  20  ppm.  Literature'  values  in^t^fte  Pb  concentrations  in  western 
United  States  soils  average  5 .5^>niff.  Lead  was  generally  below  detection 
in  the  bulk  soil.  An.indicat 


.  .  .  .  ^  V  / 

use  m  considering  Phase  II  investigations . 


25  to  40  ppm  was  established  for 


Zinc  was  detected  in  6^2  o 
Concentrations  encounte^d^rtfrg^i "fra 


798  uncoi¥%aminated  area  samples. 

to  280  ppm  with  the 

distribution  skewed  such  ^^^^^^^median  detected  zinc  value  was  41  ppm. 
Literature  value^^ji^icate  Bg  concentrations  in  western  United  States 
soils  average^f5*epp&.  <|Zinc  averaged  40  ppm  in  the  bulk  soil.  An 
indicator  of  bil  &a*J3jQ_  ppm^Tas  established  for  use  in  considering 


Phase-  II 


Many^rf”'  the^N^aPfebes^S^l  well  within  the  ranges  of  natural  variability 

fhd^Sy"" the’H.i&ratu^r  review.  These  levels  must  be  considered  as 

_  /  \  \ 

FecfOmmended  concentrations  above  which  further  investigation  may  be 

\  II 

grfcfcgned  but  #oC?  necessarily  levels  at  which  a  Remedial  Action  program 
is  T^^daBaryj/^omparison  of  these  values  with  action  levels  selected  by 
the  U.S/^PAjftid  various  states  at  NPL  sites  and  with  recommended 
concentrations  for  land  treatment  of  hazardous  waste  indicates  these 
levels  are  very  conservative.  » 
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5.0  CHEMICAL  IDENTIFICATION 


5 . 1  -IDENTIFICATION  METHODS 

In  the  desire  to  develop  a  complete  and  comprehensive  analytical  program 
to  support  the  RI  at  RMA,  the  Army  has  developed  a  procedure  to  consider 
all  the  chemicals  known  to  be  associated  with  RMA  for  inclusion  in 
Phase  II  studies.  This  approach  involves  thr#e Methods  by  which  an 
analyte  can  he  included  in  the  second  phase#?o&r the  Remedial 
Investigation. 


The  first  is  the  review  of  all  avaiLa&le  literature^f  js&st  activities 

.  •  .  .  /  ,  .’V 

conducted  by  the  Army  and  all  tenantsf  during  the  entire  history  of  RMA. 


Because  it  is  impossible  to  anal^zj f  for  all  chemicals  associated  with 

JF  jf  /V. 

RMA,  the  Army  screened'  the  lisC  Saji  drevgltoped  methods  to  quantify  48 
separate  analytes.  These  chemic&^s  were  chosen  because  of  their  known 


contribution  to  environmental  contaminating,  their  abundant  use  at  RMA, 

:e  in  termi/of  public  concern.  Many  of 


and  because  of  their  signi 

these  chemicals  are  represenf&teiye  o 

\  % 


manufactured  at  RMA.  Thi 
be  examined  because. of  the  \ik 


sses  of  compounds  used  or 
chemicals  served,  as  the  core  group  to 
ihood  of  inclusion  in  the  second  phase  of 

detailed  inves^igS&kpnk 

/  /  1  i 

jf  jf  jF  .  M 

However,  tecAkse  a£  ility  of  missing  a  significant  chemical  or 

■  NjT  jr  f.  ■ 

degredation  prupduc#,  the  Army  established  a  second  screening  method  that 
requ^#a1"E&e,'<^^i's^^fe^ted  by'GC/MS  analyses  be  examined  to  identify  the 
ncyT^-target  compounds  ^pglsent .  Any  compound  with  a  response  greater  than 
i  percent  of  Chef  internal  standard  response  was  possibly  subject  to  the 

'  ...  I  I 

Location  ,^>i|ocess .  Because  this  requirement  was  very  conservative 
and^raQu^^pot^n^ially  result  in  a  large  number  of  attempted 

/%,  V  / 

identif «s^ti<yss ,  a  second  restriction  was  initially  used.  Only  the  five 
non-target  compounds  exhibiting  the  highest  response  were  examined  in 
detail  to  attempt  an  identif icatiqn.  It  was  believed  that  with  the 
number  of  samples  being  analyzed,  the  significant  unknowns  would  occur  at 
high  .'enough  concentrations  and  frequency  to  be  included  at  one  site  or 
another. 
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This  procedure  was  reviewed  by  other  concerned  parties  and  a  ■ 
recommendation  was  made  to  look  at  the  top  ten  spectrum  rather  than  the 
f ive.* proposed .  The  Army  considered  this  a  reasonable  but  arbitiary 
request  and  therefore  went  a  step  further  and  stated  that  they  would 
eventually  look  at  all  non-target  compounds  to  make  sure  that  nothing  was 
missed. 


if. 

The  third  way.  in  which  a  chemical  may  be  included  m  Phase  II  is  by 
recommendation  from  any  involved  party  t^^JNi^^^estigation.  The  Army 
will  review  all  recommendations  receivaC  fid.  either ’Hg.clude  the  analyte 
in  Phase  II  or  provide  a  jus tif icatio®^  for  not  incliB^Lnj^' the  compound. 


// 


5.2  NON-TARGET  COMPOUND  IDENTIFICATION 

II 


The  overall  procedures'  used  fqf  ^4.ent^f Ration  of  non-target  compounds 

I  ' 

involves  the  review  of  all  peaks'-^sjeet j^g  the  response  criteria. 

X 

Available  GC/MS  libraries  are  searched^  tilfedevelop  the  best  three  computer 
aided  identifications ./OnS^tJj^s  is  comported  a  GC/MS  expert  reviews  all 
data  to  determine  which^i^Sfty^jor^fiSwe  three  matches  best.fit  the 
data.  In  some  cases,  none^\^frj^computer  matches  adequately  represent 
the  data  and  the^cmerator  atJ^emjjts  an  identification  based  on  his  or  her 
analytical  chepfL&e^^  experience  %d  training. 

'  '  1  ’  V 


Wherever  p|)sS%ble  jfhj#"S-pia«£jy2^opist  will  make  the  "Best  Fit" 

le  examining  the  mass  spectra,  the  analyst  will  also 


justfcgl  patterns  that  might  indicate  the  presence  of 

^  •_  ■ 
pl^c^eum  ]*goducts ,  or  chemicals  common  to  similar  hazardous 

\  \ 

rasfe  areas.  1  I 

);)  . 

ThesXnorifetarget/  compounds  were  labeled  using  the  relative  retention 

’X  v  / 

times  as^_efejfenced  to  the  internal  standard.  Non-target  compounds  found 
in  the  volatile  analyses  were  labeled  by  multiplying  the  relative 
retention  time  by  100.  For  example,  a  volatile  with  a  relative  retention 
time  of  1.33  would  be  labeled  as  "UNK133".  Semi-volatile  compounds  were 
labeled  using  the  same  convention  except  500  was  added  to  the  label 
(i.e.,  a  semi-volatile  retention  time  of  1.05  would  result  in  a  label  of 
"UNK605") . 
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The  results  of  these  identification  procedures  are  summarized  in  the 
table  within  each  source  report  labeled  "Tentative  Identification  of  Non- 
Target  Compounds  in  Source  XX- YY".  This  information  was  developed  for 
each  borehole.  Other  information  contained  in  these  tables  is  provided 
to  allow  fast  access  to  data  for  any  future  review. 


In  order  to  assess  whether  a  non-target  compo.«hd#is  significant  enough 
for  inclusion  in  the  Phase  II  program,  genera  ^screening  criteria  were 

established.  Non-target  compounds  found  jAatar^,  known  to  be  highly 

•  *  '*  w  M  ■%,, 

toxic  will  be  added  to  the  Phase  II  prQfjrJm.  0%%er5%t:hat  are  naturally 

occurring  and  appear  at  a  reasonably^ybiquitous  consent  gat  ion  will  not  be 

■ 

included.  Also  chemicals  that  'areJnLdintif ied  as  laboratory  impurities 


will  be  excluded  when  found  at 


[ar  concentrations  at  similar 

/V  • . 


concentrations  in  the.  blank.  ^OTgjjpurycfs^ith  a  questionable 
identification  will  also  be  excluded. jfAll  other  identified  compounds 

x.  SL  ••  . 

will  be  dealt  with  on  a  case  by  case^bas'^s^  to  decide  their  significance. 


It  should  be  noted  that^u^Tfg»%she  of  the  GC/MS  analyses,  a  batch 

\  \  f 

of  methylene  chloride  thaB^  w&s/usjfd  as  an  extraction  solvent  for  semi- 

\ 'r  JT  , 

volatile  compounds  _was  founds^  toff  con  tain  trichloroethylene  (TCE)  as  an 
impurity.  This"  w»9^e\ified  Bhe  solvent  blanks  in  all  four 

.  li  1  • 

laboratnriesrngrformgnv^.the  ana^ses  as  well  as  other  major  laboratories 

rhrmi i:',limirjrM/n  mnnr rT"  1 1  ~n r ijrrr  of  this,  many  of  the  early  GC/MS  runs 

contained  that  were  identified  as  a  "laboratory  solvent 

impurjjsy""r" ‘"^is*^ segment  was  further  verified  by  the  fact  that  no  TCE 

way'  tartand  ln^o^it^^^J/MS  analyses.  A  new  batch  of  solvent  was 

% 

lined  and  a  significant  decrease  in  the  number  of  laboratory  solvent 
Lties  is  aptjlcipated. 


5.3  PHASg._  II^FFORTS 

With  the  implementation  of  these  three  screening  techniques,  the  Phase  II 
investigation  program  will  include  the  chemicals  that  will  drive  any 
required  engineering  work.  In  this  way,  the  best  possible  use  of 
available  time  and  resources  will  be  made  to  define  the  extent  of  the 
problems  at  RMA  and  satisfy  all  parties  that  a  thorough  attempt  at 
defining  the  sources  of  contaminants  was  made. 


5-3 


RMA36PHII-D.2/SR  6.0.1 
05/21/86 


6.0  SOIL/ GROUND  WATER  INTERACTIONS 


6.1  .HISTORICAL  GROUND  WATER  DATA 

Numerous  comments  on  early  drafts  of  the  source  reports  revolved  around 
the  question  of  interaction  between  unsaturated  zone  contamination  and 
ground  water  contamination,  and  the  role  of  Phase  I  soils  investigations 
in  addressing  this  issue.  The  source  reports^njslude  what  were  judged  to 
be'  pertinent  items  from  the  large  ground  wa£'ex#data  base.  We  have 
presented  this  information  for  the  sake  a^&pmp^eteness ,  recognizing  that 
in  at  least  some  cases  a  relationship  gaii^fs  betwee'hfc.the  saturated  and 


unsaturated  zones.  No  attempt  was  ycte  to  positivel^r^epitablish  the 
existence  or  lack  of  such  relat-ibnj^iisBs .  Available  data  were  not 
sufficient  for  this  purpose.  ^ ^ 


As  new  ground  water  data  becomes%avaiMble  from  other  tasks  in  this 
program,  this  discussion  will  be  up<m£e<fn.  An  attempt  will  be  made  to  use 


ing  point%Qi?  this  analysis  where  it  can  be 


\< 


the  historical  data  as  Jit 

% 


verified  by  more  curren\ 


6.2  PHASE  II  EFFORTS' 


In  certain  ,  the  grS^mi^water  table  intersects  the  surface  in  a 

known  highlvr  contamiaaiLed  area  a fr  data  indicate  such  direct  contact 

/  /  jf  7^— 

exists,  Pl^ase^H  sami^Hrwr- mav/continue  below  the  water  table.  This  will 
be  done  in  areas^suffh  as  Basin  A  (Source  36-1)  where  high  ground  water 

'X  .\  . 

limit§^irwe»«^y;aTHpn'N5f  the  vertical  extent  of  contamination  which  is 
vea^^vrden&'s^^sur^ie^l  soils.  These  situations  will  be  evaluated 

//  \t 

JtrK^Lvidually  atid  ^appropriate  responses  developed. 

// 

WheXtie^ssafy/  soils  investigation  tasks  include  the  provision  for 
installing  wejrts  to  supplement  the  area  wide  ground  water  monitoring 
network.  Data  from  the  first  quarter  of  ground  water  sampling  completed 
under  this  program  are  currently  under  evaluation.  The  distribution  of 
sampling  points  and  the  requirements  for  additional  wells  will  be  re¬ 
evaluated  when  this  process  is  completed. 
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